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Introduc t ion 

Many applications of frequency rtandards require 
excellent r t a b i l i t y  over averaging timer from a few 
seeondr t o  an hour. Timekeeperr, on the  other ha@ 
d e r i r e  t ha t  t h e i r  sources of periodicity--the f re -  
quency rtarrdards--be s t ab le  over indef in i te ly  long 
times. Iienca, an experiment t o  determine the 
qua l i ty  of a frequency standard f o r  ure i n  a time 
sca le  taker a very long tiw to  perform. Thin 
paper reports the e f f ec t  of including a state-gf- 
tha-ar t  hydrogen maear--the NASA (GSFC) prototype 
hydrogen marer which ha. h e n  darned NP3--ln the 
NBS (Boulder) t i m e  r ca l e  system (AT(NBS)) fo r  a 
period of about three monthr. In addition t o  i t r  
e f f ec t r  on the time r ca l e  we discurs the r t a b i l i t y  
of NP3 verrur AT(NBS) and NP3,veraur a second 
hydrogen marer. 
marer developed a t  the Smithronian Artrophysical 
Obeervatory (SAO). 
seconde and longer, we subs tan t ia te  and extend the 
s t a b i l i t y  cha rac t e r i r t i c r  fo r  the NASA marer given 
by Peterr,  e t  a1.l 

The Hearuramsnt Method8 

The recond S i  an experimental 

For averaging timer of 4 x  104 

The timcr-difference method 

The NBS atomic time sca l e  cons is t s  of a continu- 
a l l y  calibrated clock enramble. 
composed of a very s t ab le  frequency generator and 
a divider to generate 1 pulse per second (ppe). 
For th in  experiment the frequency generators were 
cormaarcial cesium be- frequency rtandards. Details 
of t h i r  time rca le  w i l l  be discursed elrewhere.2 
The essent ia l  point here i r  t ha t  a weighted combi- 
nation of the  predicted timer given by each clock 
war tired to  achieve near optimum prediction of t rue  
time. AT(NBS) is t h i r  weighted clock ensemble. 
The time difference between any two clock. involved 
war measured each working day during the experiment 
(24 Nov 69 to  20 Feb 70) t o  a praciaion of 1 
nanorecond. 

Each clock i r  

A 1-pps signal war ava i lab le  from NP3,and t h i r  
i l gna l  VI# used to rtudy the r e l a t ive  r t a b i l i t y  of 
NP3 versus AT(NBS) and to  a l so  a rce r t a in  what 
e f f ec t  the inclusion of NP3 in to  the clock enram- 
b le  had upon the precirion of the time rca le .  

The chronograph 

The r e l a t ive  r t a b i l i t y  between the two H-marere 
-0 mearurad by a new ryrtam which we c a l l  the 
chroaoy(raph.3 The function of th io  ryrtem i r  t o  
a u t o m t i c a l l y  masure  and record the sera crorringr 
of the  beat f rquency  between a pair of o r c i l l a t o r r  

The chronograph has a dynsimic range of about 
raven docader with typical beat frequency valuer 
of about 10'1 Biz. 
graph war tested and r h m  not t o  degrade the  
s t a b i l i t y  maasurementr of the  frequency standards 
in question. 

R e r u l  t o  

The preCiBioU of the  chrono- 

The inclusion of NP3 into the  AT(NB8) scale 
gave a def in i t e  improvement i n  the precision of 
the sca le  fo r  prediction timer of a few day#. 
The beat improvement, wre than 40%, war for a 
s ingle  day. 

Figure 1 r h w r  the s t a b i l i t y  fl (8-2, T = 7 , 7  1 
for  NP3 verrui AT(NB8) where y = % Y / p  a d  t h i r  
r t a b i l i t y  maarure i r  am defined in reference 4. 
The f i r r t  four pointr  (7 - 1 through 4 dayr) a r e  
repreren t r t ive  of the r t a b i l i t y  of AT(HB8). 
Figure 2 rhowr the frequency fluctuation8 of WP3 
versur AT(NBS) when averaged fo r  four days. 

The wP3 marer verrur the  SA0 maser gave a 
CT ("2, T- T , 7  4 0 , 0 0 0 s )  of 2 x 
t h l r  r e r u l t  w i t h 7  7 4 dayr from Fig. 1 giver 
excellent agreement with the  wit optimistic 
ert imater of Pe ter r ,  e t  a1  1 fo r  the NASA maser 
r t a b i l i t y ,  and extends a knowledge of the r t a b i l -  
i t y  behavior fo r  sample timer as long A# 44 days 
with a d 

Combinicig 

N-2, T I T ,  4 dayr < T <  44 days) 
1x10-  14 . 
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Figure 1. The stability o,(N = 2, T - r .  T )  for NP3 versus 
AT(NBS) as a function of averaging timer (where y bulu and 
this stability meaaure isaadefind in [4[ ) .  

. - - .- ._____ 
Figure 2. The frequency fluctuation of NP3 versus AT(NBSI 
as calculated from the time error of NP3 with rcapst to 
AT(NBS): 6 clocks. (An averaging time of 4 days was u s d  
here to minimize the effect of the fluctuaiom of AT(NBS).) 
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